Synthesis of 13 and 14. Scheme S1 2
MATERIALS AND METHODS

3', 5'-Bis-O-(tert-butyldimethylsilyl)-4-O-2,4,6-triisopropylbenzenesulfonylthymidine (7).
Dry Et 3 N (0.59 mL, 4.25 mmol), 2,4,6-triisopropylbenzenesulfonyl chloride (642 mg, 2.12 mmol) and DMAP (26 mg, 0.21 mmol) were added to a solution of 3', 5'-di-O-tert-butyldimethylsilylthymidine (S5, 0.5 g, 1.06 mmol) in dry CH 2 Cl 2 (5 mL) at 0 o C under an argon atmosphere. After 43 h at room temperature, the reaction mixture was diluted with CHCl 3 (15 mL), then washed with H 2 O and brine. The organic layer was dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. The residue was purified by silica gel chromatography (hexane-ethyl acetate = 30:1, v/v) 166.2, 154.2, 153.7, 151.1, 143.0, 131.0, 124.0, 103.3, 88.4, 87.3, 71.6, 62.5, 42.4, 34.2, 29.6, 25.9, 25.7, 24.6, 24.3, 23.4, 18.4, 18.0, 12.4, -4.6, -4.9, -5.4 
4-(2-Octylthioethyl)-1-[(1R,3S,4R)-2-deoxy-3,5-bis-O-(tert-butyldimethylsilyl)tetrahyd rofuran-1-yl]-5-methyl-2(1H)-pyrimidinone (11).
Pd(PPh 3 ) 4 (312 mg, 0.27 mmol), LiBr (283 mg, 3.26 mmol) , K 2 CO 3 (225 mg, 1.63 mmol) and 2,4,6-trivinylcyclotriboroxane pyridine complex (915 mg, 3.80 mmol) were added to a solution of 7 (2 g, 2.71 mmol) in 1,4-dioxane (60 mL) and H 2 O (20 mL) at 120 o C under an argon atmosphere. After 45 min, CH 3 CN (40 mL) and C 8 H 17 SH (0.71 ml, 4.07 mmol) were added to the reaction mixture at room temperature, and then the mixture was stirred for an additional 30 min at the same temperature. The reaction mixture was diluted with CHCl 3 (80 mL), then washed with H 2 O and brine. The organic layer was dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure. The residue was purified by silica gel chromatography (CHCl 3 -MeOH = 1:0 to 49:1, v/v) to give 11 as a yellow oil ( 7, 155.3, 140.0, 111.6, 88.3, 87.0, 71.5, 62.5, 42.4, 36.0, 32.6, 31.8, 29.7, 29.2, 29.2, 29.0, 28.9, 25.9, 25.7, 22.6, 18.4, 18.0, 14.9, 14.9, 14.0, -4.6, -4.9, -5.4 155.5, 142.0, 112.9, 88.1, 87.8, 69.6, 61.3, 40.9, 35.9, 32.6, 31.8, 29.7, 29.2, 29.2, 29.1, 28.9, 22.6, 14.9, 14. 0, 158.7, 155.4, 144.4, 140.3, 135.5, 130.0, 130.0, 128.1, 127.9, 127.0, 113.3, 112.4, 87.2, 86.8, 86.5, 71.7, 63.2, 55.2, 42.2, 36.0, 32.6, 31.8, 29.7, 29.2, 29.0, 28.9, 22.6, 14.3, 14. 9, 175.6, 158.7, 154.9, 144.3, 140.1, 135.4, 130.2, 130.1, 128.3, 128.2, 127.9, 127.1, 117.5, 113.2, 112.2, 86.9, 85.7, 73.2, 73.0, 62.8, 62.4, 58.2, 55.3, 55.2, 43.4, 43.3, 43.3, 43.2, 41.2, 40.9, 36.0, 32.6, 32.0, 31.8, 29.7, 29.2, 29.2, 28.9, 28.9, 24.6, 24.5, 22.6, 20.4, 14 
4-(2-Octylthioethyl)-1-[(1R,3S,4R)-2-deoxy-3-O-[2-cyanoethyl
N,N-bis(1-methylethyl)phosphoramidite]-5-O-[bis(4-methoxyphenyl)phenylmethyl]tet
rahydrofuran-1-yl]-2(1H)-pyrimidinone (14)
. The 2'-deoxyuridine derivative (14) was synthesized by a similar procedure as described for the synthesis of 13 from 2'-deoxyuridine (6). δ (ppm) 167.0, 154.4, 153.9, 151.9, 146.0, 130.8, 124.0, 94.5, 87.9, 87.3, 69.7, 61.6, 42.2, 34.3, 29.7, 25.9, 25.7, 24.6, 24.4, 23.5, 18.3, 17.9, -4.5, -5.0, -5.5 2, 155.4, 142.6, 103.9, 87.8, 87.0, 69.8, 61.7, 42.2, 38.7, 32.4, 31.8, 29.6, 29.2, 29.1, 28.9, 25.9, 25.7, 22.6, 18.3, 17.9, 14.0, -4.6, -5.0, -5.5, -5.6 155.4, 142.6, 103.9, 87.8, 87.0, 69.8, 61.7, 42.2, 38.7, 32.4, 31.8, 29.6, 177.8, 155.7, 144.1, 104.9, 87.8, 87.8, 68.7, 60.7, 40.9, 38.4, 32.3, 31.8, 29.7, 29.6, 29.2, 28.9, 22.6, 14 
8:
Synthesis of the authentic adduct with 2'-deoxyadenosine (17)
Pd ( 154.7, 152.9, 148.7, 139.9, 138.1, 120.2, 112.2, 88.2, 87.8, 87.0, 84.1, 71.9, 71.4, 62.8, 62.5, 42.4, 41.1, 36.9, 35.4, 25.9, 25.9, 25.7, 18.4, 18.4, 18.0, 14.7, -4.5, -4.7, -4.8, -4.9, -5.4, -5.5 139.5, 133.5, 111.9, 110.0, 88.2, 87.7, 86.9, 85.4, 72.2, 71.4, 63.0, 62.5, 42.4, 41.3, 38.5, 33.4, 25.9, 25.8, 25.7, 18.4, 18.0, 14.7, 13 .2, -4.5, -4.6, -4.8, -4.9, -5.4, -5. 157.0, 152.3, 142.9, 136.6, 115.2, 110.6, 89.5, 88.9, 88.7, 87.3, 72.0, 71.3, 62.7, 62.3, 42.6, 41.4, 39.6, 14.5, 13 Time(min)
ODN3
MMPP
After reduction
Reduced ODN3 Figure S5 . UV melting curve (A) and the CD spectra (B) of the duplex formed with the reduction of ODN1. The UV melting curve was measured using 1μM duplex in 50 mM MES buffer containing 100 mM NaCl at pH 7 and the CD spectra was measured using 2.5 μM duplex in 50 mM MES buffer containing 100 mM NaCl at pH 7 and 25 o C.
Cross-link formation with the RNA and DNA substrate. The reaction between ODN3 (R=CH 3 ) and RNA1 is described as a general procedure. The mixture of FAM-labeled
RNA1
(1 μM) and ODN3 (10 μM) in MES buffer (50 mM) containing 100 mM NaCl at pH 7 was incubated at 37 o C. The cross-linking reaction at pH 9 was performed using a solution in 50 mM carbonate buffer instead of MES buffer. The reaction was stopped by mixing with a loading buffer (95% formamide, 20 mM EDTA, 0.05% bromophenol blue, 0.05% xylene cyanol) at the appropriate time, and the mixture was heated at 90 o C for 3 min. The mixture was subjected to the gel electrophoresis using 15% denatured polyacrylamide gel containing urea (7 M) with TBE buffer at 250 V for 2 h. The are shown in Figure 1 . The reactions with the DNA-S1(X) substrates were performed under the same conditions except that 1M NaCl was used in the buffer at pH 7 and 9 ( Figure S7 ).
Kinetic analysis of the cross-link formation
The cross-link reaction was performed at 5, 10, 15, 20, 25 30 and 37 o C under the same conditions as described above, and the yields were obtained using ODN3 or 4 and RNA1 as described above. The obtained yields were analyzed based on the first-order kinetics to produce rate constants (k) of the cross-link formation at different temperature. Linear
Arrhenius plots were obtained by plotting ln(k) vs 1/ T (K) ( Figure S6 ). The obtained kinetic parameters are summarized in Table S1 . Conformations calculated by MO are also shown in Figure S6 . (C) The HPLC analysis of the cross-linking reaction using the non-FAM labeled DNA-S1
substrate.
RNA2 ( The cross-linked products were isolated by HPLC under the conditions as described above, and the eluents were freeze-dried. The residue was mixed with BAP(0.5 u/μL, 1 μL, phosphatase buffer (500 mM Tris-HCl, 10 mM MgCl 2 , 1 μL, pH 9, 0.5 μmol Tris-HCl, 0.01 μmol MgCl 2 ) and super purified water (7 L) , and the mixture was incubated at 37 Figure S9 ). In the duplex having a uridine at the opposite site to 2, the vinyl group of 2 is in van der Waals contact with the 6-amino group of the adenine base at the 5' side. min. The above mixtures were subjected to the gel electrophoresis using 15% denatured polyacrylamide gel containing urea (7 M) with TBE buffer at 250 V for 2 h. and the intensity of FAM-labeled bands were quantified by a luminescent image analyzer LAS-4000 (Fujifilm). The reaction was performed at different pH using OND3 or ODN6. Figure S10 . The cross-link formation at different pH using ODN3 and ODN6. 
